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TITLE OF THE INVENTION 

System and method for cargo protection 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to theft detection, 

notification and tracking. More specifically, the present invention is concerned 
with a system and method for the detection, notification and tracking of cargo 
theft. 

BACKGROUND OF THE INVENTION 

[0002] With the increasing popularity of the Global Positioning 

System (hereinafter "GPS") finding the absolute position of an object above 
ground is now a relatively easy task. By combining a GPS receiver and a 
cellular phone transceiver and mounting the resulting device to a vehicle, it is 
also relatively easy to supply the position of the vehicle to a central location 
when the vehicle is reported as being stolen. 

[0003] Accordingly, the prior art is replete with documents describing 

such systems and improvements to such systems. United States Patent 
application 2002/0115436 A1 entitled 'Telematic System" and published on 
August 22, 2002; and United States Patent No 5,986,543 entitled 
"Programmable vehicle monitoring and security system having multiple access 
verification de vices" issued on November 16, 1999 are good examples of such 
documents. 

[0004] Since these methods and systems aim at tracking vehicles, it 

is possible to position the GPS receiver antenna so that it can receive the faint 
GPS signals used to compute the absolute position of the vehicle. However, 
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such systems may not be used to track a device concealed in cargo since 
cargo is usually contained in enclosed spaces, such as trailers or warehouses, 
thereby further attenuating the already faint GPS signals. 

OBJECTS OF THE INVENTION 

[0005] An object of the present invention is therefore to provide a 

system and method for cargo protection. 

SUMMARY OF THE INVENTION 

[0006] More specifically, in accordance with the present invention, 

there is provided a system for the protection of cargo comprising: 

a tracking device to be inserted in a cargo; the tracking 
device including a communication module and a dead reckoning module; the 
communication module being configured to communicate with a central server; 
and 

an access point including a GPS receiver and a 
communication module configured to communicate with the tracking device 
communication module; the access point being so configured as to periodically 
supply GPS position data to the tracking device; 

wherein the tracking device is so configured that when the 
communication between the tracking module and the access point is lost, a last 
received GPS position data and dead reckoning data from the dead reckoning 
module are transmitted by the tracking module to the central server via the 
communication module of the tracking device. 

[0007] According to another aspect of the present invention, there is 

provided a system for the protection of cargo comprising: 

a tracking device to be inserted in a cargo; the tracking 
device including a communication module and a dead reckoning module; the 
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communication module being configured to communicate with a central server; 
and 

an access point including a movement detector and a 
communication module configured to communicate with the tracking device 
communication module; the access point being so configured as to periodically 
communicate with the tracking device; 

wherein the tracking device is so configured that when the 
communication between the tracking module and the access point is lost, dead 
reckoning data from the dead reckoning module are transmitted by the tracking 
module to the central server via the communication module of the tracking 
device. 

[0008] According to a third aspect of the present invention, there is 

provided a system for the protection of cargo comprising: 

cargo tracking means including communication means and 
dead reckoning means; the communication means being configured to 
communicate with a central server; and 

means for creating a virtual fence around the cargo; the 
virtual fence creating means including means for receiving GPS position data 
and communication means configured to communicate with the communication 
means of the cargo tracking means; the virtual fence creating means being so 
configured as to periodically supply GPS position data to the cargo tracking 
means; 

wherein when the communication between the cargo tracking 
means and the virtual fence creating means is lost, a last received GPS 
position data and dead reckoning data from the dead reckoning means are 
transmitted to the central server via the cargo tracking means communication 
means. 
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[0009] According to yet another aspect of the present invention there 

is provided a method for the protection of cargo comprising the acts of: 

providing a cargo tracking device to a cargo; the cargo 
tracking device including a communication module and a dead reckoning 
module; 

creating a virtual fence around the cargo; 
providing GPS position data to the cargo tracking device 
while the cargo is within the virtual fence; 

when the cargo exits the virtual fence: 

obtaining dead reckoning data from the dead reckoning 

module; 

transmitting a last received GPS position data to a central 
server via the communication module of the cargo tracking device; and 

transmitting dead reckoning data to a central server via the 
communication module of the cargo tracking device. 

[0010] It is to be noted that the expression "GPS" is to be construed 

herein and in the appended claims as both the conventional Global Positioning 
System and as any similar system adequate to supply the absolute position of 
an object. 

[0011] It is also to be noted that the expression "virtual fence" is to 

be construed herein and in the appended claims as a the outer perimeter of a 
single "bubble" or as the outer perimeter of a plurality of intersecting bubbles as 
will be further described hereinbalow. 

[0012] Other objects, advantages and features of the present 

invention will become more apparent upon reading of the following non- 
restrictive description of preferred embodiments thereof, given by way of 
example only with reference to the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] In the appended drawings: 

[0014] Figure 1 is a diagram illustrating a system for cargo 

protection according to an embodiment of the present invention where the 
cargo is within a transport trailer; 

[0015] Figure 2 is a diagram illustrating the system of Figure 1 where 

the cargo is within a warehouse; 

[0016] Figure 3 is a block diagram of a tracking device that is part of 

the system of Figure 1 ; 

[0017] Figure 4A is a block diagram of a mobile access point that is 

part of the system of Figure 1 ; 

[0018] Figure 4B is a block diagram of a fixed access point that is 

part of the system of Figure 2; 

[0019] Figure 5 is a flowchart illustrating the setup of the system of 

Figure 1; 

[0020] Figure 6 is a flowchart illustrating the operation of the system 

of Figure 1; and 

[0021] Figure 7 is a diagram illustrating a plurality of stolen cargo in 

a trailer not provided with an access point. 
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DETAILED DESCRIPTION 

[0022] In a nutshell, an embodiment of the present invention 

proposes to install, inside cargo to be protected, a tracking device having 
communication and dead reckoning capabilities. As long as the tracking device 
senses that it is within a virtual fence generated by at least one access point, it 
lays dormant. When the tracking device senses that it is no longer within the 
virtual fence it activates the dead reckoning capabilities and communicates with 
a central server to supply dead reckoning data thereto. The central server 
processes this data and determines the current location of the cargo. 

[0023] Figures 1 and 2 of the appended drawings illustrate a system 

for cargo protection where the cargo is located in a transport trailer and in a 
warehouse, respectively. 

[0024] The cargo protection system includes a central server 10, an 

access point 12 and a tracking device 14. The central server 10 is in 
communication with a cellular network (represented by a cellular tower 16), for 
example via a PSTN (public switched telephone network) line. Optionally, the 
central server also has a link to a computer network such as the internet 18 and 
has other PSTN communication capabilities. 

[0025] The access point 12 receives data from a GPS network 20 

and may communicate with the central server 10 via the cellular network 16. 
As it will be further described herein below, the reception of data from a GPS 
network by the access point 12' of Figure 2 is optional since the access point 
12* is a so-called fixed access point. 
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[0026] The tracking device 14 communicates with the access point 

12, via a wireless LAN (Local Area Network) for example, and with the central 
server 10 via the cellular network 16. 

[0027] Turning now to Figure 3 of the appended drawings, the 

various elements forming a tracking device 14 will be described. 

[0028] The tracking device 14 includes a power source 22, usually in 

the form of a rechargeable battery, a controller 24 including memory, a 
communication module 26 including a wireless LAN transceiver 28 and a 
cellular transceiver 30 and a dead reckoning module 32 including various dead 
reckoning sensors such as, for example a 3D accelerometer 34, a 3D 
gyroscope 36, a 3D magnetometer 37, a 3D electronic compass 38, a 3D 
electrolytic tilt sensor 39 and a thermistor 40. 

[0029] It is to be noted that dead reckoning techniques are believed 

well known in the art. Accordingly, these techniques will not be discussed in 
detail herein. However, it is to be noted that the use of 3D sensors such as 
accelerometers, gyroscopes, magnetometers and electronic compasses is 
advantageous since it allows the tracking device to be inserted in a cargo to be 
protected in any orientation. The use of a thermistor 40 is also interesting since 
it allows a better modeling of the sensors present in the dead reckoning 
module. It is also to be noted that the number and nature of the dead 
reckoning sensors used in the dead reckoning module 32 may vary, for 
example in function of the sensibility and precision of the various sensors. 

[0030] The controller 24 is supplied by the power source 22 and is 

connected to both the communication module 26 and to the dead reckoning 
module. As it will be further described hereinbelow, the controller 24 may send 
and receive data to/from the access point 12 via the communication module 26 
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and receive dead reckoning data from the dead reckoning module 32 and store 
this data in its memory and/or send it via the communication module 26. 

[0031] The tracking device 14 could be equipped with other 

elements such as a high-frequency sound generator, to help retrieve the device 
14 once it is no longer required, and status LEDs. 

[0032] A tracking device could be designed using a controller made 

by Texas Instruments under part number TMS 320-5470; a MEMS 
(microelectromechanical system) accelerometer made by Analog Devices 
under part number ADLX203 (mounted in 3D); a MEMS gyroscope made by 
Analog Devices under part number ADXRS150 (mounted in 3D), a 
magnetometer made by Honeywell under part number HMC1052 (mounted in 
3D), an electronic compass made by Phillips under part number KMZ 51 
(mounted in 3D), and an electrolytic tilt sensor made by Fredericks under part 
number 0717-4304 (mounted on 6 faces of a cube). 

[0033] The wireless LAN transceiver 28 could use 802.11b, 

Bluetooth or proprietary spread-spectrum or ultra-wideband communication 
schemes. For example, the wireless LAN transceiver Spectrum24 made by 
Symbol could be used. 

[0034] The cellular transceiver 30 could use IS-95 based CDMA 

(Code Division Multiple Access). For example, the cellular transceiver CDM- 
820-B made by Semax Wireless could be used. Of course, the cellular 
technology used should be compatible with the cellular network 16. 

[0035] Turning now to figure 4A of the appended drawings the 

various elements forming a mobile access point 12 will be described. 
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[0036] The mobile access point 12 includes a power source 42, 

usually in the form of a connection to a battery of the vehicle to which the 
access point 12 is to be mounted, a controller 44 including memory, a GPS 
receiver 46 connected to the controller 44 and a communication module 48 
also connected to the controller 44. 

[0037] The communication module 48 includes a wireless LAN 

transceiver 50 and a cellular transceiver 52. 

[0038] The controller 44 is supplied by the power source 42 and 

receives GPS position data from the GPS receiver 46 and may send and 
receive data to/from the tracking device 14 and to/from the central server 10 via 
the communication module 48. 

[0039] A mobile access point could be made using a controller made 

Texas Instruments under part number TMS 320-5470 and a GPS receiver 
made by Trimble under part number Lassen LP. As it will easily be understood 
by one skilled in the art, the wireless LAN transceiver 50 uses the same 
technology as the wireless LAN transceiver 26 of the tracking device 14. 

[0040] Turning now briefly to Figure 4B of the appended drawings, a 

fixed access point 12' will be described. It is to be noted that since the fixed 
access point 12' is very similar to the mobile access point 12 described 
hereinabove and illustrated in Figure 4A, only the differences between these 
access points will be described hereinbelow. 

[0041] The fixed access point 12* does not include a GPS receiver 

since it is not supposed to move. Indeed, as illustrated in Figure 2, the fixed 
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access point 12' is intended to be mounted to a warehouse or other similar 
fixed objects. 

[0042] For security purposes, the fixed access point 12' includes a 

movement detector 54 connected to the controller 44 so that the controller 44 
receives an alarm signal should somebody try to move the fixed access point 
12' without proper authorization. One skilled in the art will understand that the 
movement detector 54 could be an accelerometer, a gyroscope, a tilt sensor or 
even a GPS receiver that sends the appropriate alarm signal to the controller 
44 should movement be detected. Of course, other movement sensing 
technologies could be used. 

[0043] The setup of the cargo protection system will now be 

described with reference to Figure 5 which is a general block diagram thereof. 

[0044] In a first step 100, a virtual fence is generated by at least one 

access point 12. More specifically, the virtual fence is generated by the 
"bubbles" creates by the range of the wireless LAN transceiver 50 of the access 
point. In other words, the tracking device 14 will know that it is within the virtual 
fence when the wireless LAN transceiver 28 detects the wireless LAN 
transceiver 50. The access point 12 is therefore carefully positioned. As it will 
be understood by one skilled in the art, the size of the bubble may be adjusted 
by adjusting the range of the wireless LAN transceiver 50. 

[0045] As will easily be understood by one skilled in the art the 

bubble could be created by other means. For example, should a 
predetermined perimeter of bubble be desired, the propagating time of RF 
signals from the tracking device to the access point could be measured by the 
tracking device and/or the access point to determine if the tracking device is 
within the bubble. 
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[0046] Bubbles are schematically illustrated in dashed lines in 

Figures 1 and 2. In Figure 1, the mobile access point 12 is mounted on the roof 
of the trailer 58 so that the bubble 60 covers the entire trailer 58. It is to be 
noted that the GPS antenna (not shown), which can be integrated within the 
body of the access point 12 or connected to the access point 12 via a wire, is 
mounted outside the trailer 58 to improve GPS signals reception. In Figure 2, 
the fixed access point 12' is mounted on the roof of a warehouse 62 so that the 
bubble 64 covers the entire warehouse 62. 

[0047] As noted hereinabove, a virtual fence may be created by 

more than one access point. Indeed, since each access point creates a bubble, 
a virtual fence would be the outer limit of the intersecting bubbles. Seamless 
roaming between overlapping access point coverage does not cause an alarm. 
Accordingly, when a trailer equipped with an access point 12 is so positioned 
that its bubble intersects the bubble of the access point 12' of a warehouse and 
that a tracking device containing cargo is transferred from the warehouse to the 
trailer, or vice-versa, no alarm is generated. Therefore, the virtual fence may 
be viewed as extending from one warehouse to another via an access point 
equipped trailer. 

[0048] In other words, if the owner of a cargo protection system 

according to the present invention has equipped each warehouse and trailer 
with an access point, the virtual fence of the system covers the entire area 
where the cargo may be stored with the owner's premises and moved 
therebetween. Accordingly, the movement of tracking devices within the virtual 
fence will not cause alarms to be triggered. 

[0049] It is also to be noted that while the bubbles are illustrated as 

having a generally spherical shape, it is not always the case. Indeed, the 
shape and coverage of the "bubble" created by each access point depend on 
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the antenna of the wireless LAN transceiver. For instance, a standard omni- 
directional antenna will broadcast in all directions (as illustrated in the 
appended figures), an array of two antennas will produce an 8 shape etc. 
Accordingly, it is not necessary to install the access point on the roof to cover 
the warehouse or trailer. The same effects could be achieved by placing the 
wireless LAN transceiver on the floor. Furthermore, in the case of the mobile 
access points, only the antenna of the GPS receiver need to be installed on the 
roof of the trailer to better receive the faint GPS signals; the rest of the access 
point could be installed inside the trailer. A major difference with the protection 
systems of the prior art is that the access point need not be concealed but 
could be positioned in plain sight, since the disabling of the access point 
automatically causes the tracking devices to generate alarm signals. 

[0050] A second step 102 consists in powering a tracking device 14. 

When an operating tracking device 14 enters a virtual fence, it will initiate the 
communication with the access point 12 since an operating tracking device 14 
periodically scans its environment to find a virtual fence. When in a virtual 
fence, the tracking device 14 will authenticate itself by sending its ID to the 
nearest access point and periodically receive authentication (ID) data from the 
access point 12 via their respective wireless LAN transceivers. 

[0051] The next step is the insertion of the operational tracking 

device 14 in the cargo to be protected. Since the dead reckoning sensors used 
are advantageously 3D sensors, the orientation of the tracking device 14 inside 
the cargo is not critical. Therefore, it is easier to hide the tracking device 14 in 
the cargo. It is also to be noted that since the tracking device does not receive 
GPS signals or other such signals requiring a line-of-sight between the sender 
and the receiver, the tracking device 14 may be inserted inside the cargo. 
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[0052] Figures 1 and 2 illustrate the tracking device 14 inserted in a 

cargo 66 in the form of a pallet of boxes. 

[0053] Once the setup of the system is completed, the operation of 

the cargo protection system may begin. 

[0054] Figure 6 of the appended drawings shows a general block 

diagram of the operation of the system when a mobile access point 12 is used. 

[0055] Block 106 indicates that the access point 12 periodically 

receives position data from the GPS network 20. More specifically, the GPS 
position data is received by the CPS receiver 46 and transferred to the 
controller 44. 

[0056] Block 108 indicates that the GPS position data received from 

the GPS receiver 46 is retransmitted to the tracking device 14. More 
specifically, the controller 44 supplies the GPS position data to the wireless 
LAN transceiver 50 that transmits it to any and all tracking devices 14 within the 
bubble 60. 

[0057] Block 106 and 108 are repeated as long as the GPS receiver 

46 receives GPS position data from the GPS network 20. 

[0058] While the blocks 106 and 108 are repeated, the tracking 

device 14 periodically verifies that it is within the bubble 60. In other words, the 
tracking device 14 verifies that its wireless LAN transceiver 28 detects the 
wireless LAN transceiver 50 of the access point 12. Block 110 illustrates this 
step. 
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[0059] If the tracking device 14 detects that it is still within the bubble 

60, it verifies that it still receives GPS position data from the access point 12 
(block 112). 

[0060] If the GPS position data is still received the system goes back 

to block 110. 

[0061] Should the tracking device 14 detect that it no longer receives 

GPS position data from the access point 12, it starts data acquisition from the 
dead reckoning sensors (block 114). More specifically, the controller 24 
energizes the dead reckoning module 32 and the various dead reckoning 
sensors included in this module start sending dead reckoning data to the 
controller 24 that stores it in its memory. Of course, to be useful, the dead 
reckoning data is time-stamped by the controller 24. 

[0062] While many non-alarming reasons exist for the loss of 

reception of GPS position data, such as for example, the passage of the trailer 
through a tunnel, the loss of GPS position data can also be caused by an 
attempt to steal the cargo. For example, the first step of an attempt to steal the 
cargo could be to damage the exposed GPS receiver antenna (not shown) that 
is usually positioned on top of the trailer. It is therefore interesting to start the 
dead reckoning data acquisition as soon as the GPS position data reception is 
stopped. 

[0063] Should the GPS position data reception resume, the 

controller 24 erases the stored dead reckoning data. 

[0064] If, in block 110, the tracking device 14 detects that it is no 

longer within the bubble, the dead reckoning module 32 is energized and dead 
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reckoning data acquisition is started (block 116), if it was not already started in 
block 114. 

[0065] In block 118, the last received GPS position data and the 

acquired dead reckoning data is sent to the central server 10. More 
specifically, the controller 24 transmits this data to the central server 10 via the 
cellular transceiver 30 that communicates with the cellular network 16. It is to 
be noted that the system of the present invention may include anti-jamming 
features to ensure that the cellular communication between the transceiver 30 
and the cellular network 16 is established. 

[0066] Indeed, the loss of contact between the tracking device 14 

and the access point 12 may mean that the tracking device containing cargo 
has been moved outside the bubble 60 or that the bubble 60 has been 
eliminated by the destruction of the access point 12. In any case, the loss of 
contact between the tracking device 14 and the access point 12 is reported to 
the central server 10 so that appropriate action is taken. 

[0067] It is to be noted that if the access point 12 is still operational 

and stops sensing the presence of the tracking device containing cargo within 
its bubble, it may also contact the central server 10 via the cellular network 16, 
giving it the GPS position data at the time the tracking device 14 left the bubble 
60. 

[0068] As it will easily be understood by one skilled in the art, the 

central server 10 is so programmed to receive and to process the alarms and 
data from tracking devices. One skilled in the art will also understand that with 
the last known position of the cargo, as determined by the GPS position data, 
and the dead reckoning data received from the tracking device 14, the central 
server 10 may determine the current position of the cargo. 
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[0069] Since many methods for the determination of the current 

position of the cargo exist and generally depend at least on the type of dead 
reckoning data received, these methods will not be further described herein. 
These method generally use gravity models, vehicle dynamics upper bounds, 
digital vectorized roadmaps, driver behavioral models, gesture models and 
vehicle dynamics models. 

[0070] It is to be noted that the appropriate action to be taken when 

a tracking device leaves an area delimited by the virtual fence may be 
configured according to the request of the owner of the system. For example, a 
call could be made to the law enforcement office closer to the current position 
of the cargo via the PSTN capabilities of the server 10; the driver of the tractor- 
trailer could be contacted via the cellular network 16 to ensure that it is not a 
false alarm and/or the owner of the cargo could be contacted via the internet 
18. 

[0071] When the system uses a fixed access point 12' as illustrated 

in Figure 2, the operation of the system for cargo protection is very similar. The 
main difference resides in the lack of a GPS receiver in the fixed access point 
12\ When a tracking device containing cargo leaves the bubble 64, the 
tracking device 14 sends the known location of the warehouse 62 and the dead 
reckoning data acquired through the dead reckoning module 32. It is to be 
noted that the cargo is free to be moved within the bubble without triggering an 
alarm. 

[0072] It is to be noted that while only one cargo containing a 

tracking device 14 is illustrated in Figures 1 and 2, many such cargos could be 
shipped in the same trailer or stored in the same warehouse. Furthermore, 
when more than one tracking device is present in the same bubble, they may 
communicate with one another via their respective wireless LAN transceiver to 
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create an ad-hoc network of tracking devices. This may prove interesting since 
they may share dead reckoning data to improve accuracy. Similarly, the 
tracking devices may take turn at contacting the central server 10 via the 
cellular network to thereby decrease overall power consumption and increase 
their respective battery life. 

[0073] Figure 7 of the appended drawings schematically illustrates a 

trailer 200 in which three cargo 66A, 66B and 66C equipped with respective 
tracking devices 14A, 14B and 14C. Since the tracking devices are no longer 
within the virtual fence, their dead reckoning capabilities are enabled. As can 
be seen from this Figure the three tracking devices communicate their dead 
reckoning data and control information, and the tracking device 14A 
communicates with the server 10 via the cellular network 16. 

[0074] Many additional optional features may be introduced to the 

system described hereinabove. For example, a hand-held communication 
device; real-time cargo location; access point integrity check; power 
management; unauthorized mobile access point displacement and increased 
tracking device computing power, may be integrated to the system described 
hereinabove. These features will be generally described hereinbelow. 

[0075] A hand-held communication device, such as a palm-type 

computer or a cellular phone, could be supplied to each member of the cargo 
handling personnel. When this is the case, many features may be added to the 
system. For example, the employee may use the hand-held device to 
authenticate himself and gain access to tracking devices or access points (if he 
is so authorized). He can then, depending on his authorizations: 

• Install a new access point to extend the virtual fence; 
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• Provide an access point with the trailer/truck or warehouse ID with which 
it is associated; 

• Provide a tracking device with the associated shipment ID; 

• Unarm the tracking device so it will not trigger an alarm when the 
associated cargo is removed from the virtual fence; and 

• Set the tracking device in recovery mode - for instance the tracking 
device will start producing a high-frequency sound so it can be easily 
found. 

[0076] The central server or supervisor can call the cellular-enabled 

hand-held device to authenticate the cargo handler and ask for an explanation 
when an alarm is detected to thereby reduce the number of false alarms. 

[0077] One skilled in the art will understand that the hand-held 

communication device could use biometric identification and authentication. 

[0078] The system described hereinabove, could also be used as a 

real-time cargo location simply by having the access point 12 periodically send 
its GPS position to the central server 10 via the cellular network 16. This way, 
the central server 10 would be able to position the cargo onto a map and 
supply this information to the cargo owner or recipient via the internet 18, for 
example. 

[0079] Another interesting feature is to make the tracking devices 

regularly authenticate and check the integrity of access points to detect rogue 
access points. Indeed, an ingenious thief could design counterfeit access 
points to try to fool the tracking devices and steal the cargo they protect. 
Should a tracking device detect such a counterfeit access point, the dead 
reckoning data acquisition and transmission would be triggered. 
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[0080] In view of efficiently operating the tracking devices, it is 

interesting to always use the access point as proxy for cellular communications 
with the central server when the tracking device is within the bubble. By limiting 
itself to wireless LAN communication, the tracking device can extend its battery 
life. 

[0081] The unauthorized displacement of a mobile access point, 

which could extend the virtual fence to unauthorized locations, can be detected, 
for example by defining a geographic boundary and downloading this 
information in the access point, or by requiring the truck driver equipped with 
the hand-held device to authenticate himself when the mobile access point is 
moved after having remained idle for a certain time. 

[0082] It could also be interesting to pre-process the dead reckoning 

data directly in the controller 24 of the tracking device before sending it to the 
central server 10, especially when lower bandwidth is available, for example 
when jamming is detected and counteracted. The controller 24 could, for 
example, be able to recognize some gestures such as coming to a complete 
stop, taking a ninety degrees right turn and supply this time-stamped data to 
the central server instead of supplying the raw dead reckoning data. However, 
it is to be noted that since the central server 10 has virtually unlimited 
computational power, when possible raw dead reckoning data should be 
supplied thereto to allow, for example, multiple algorithms to determine current 
position to run simultaneously to thereby improve accuracy and/or certainty. Of 
course, a certain amount of pre-processing such as frequency band filtering, 
sampling quantizing, coding and compression is advantageously made by the 
controller of the tracking device. 



10083] Although the present invention has been described 

hereinabove by way of preferred embodiments thereof, it can be modified, 
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without departing from the spirit and nature of the subject invention as defined 
in the appended claims. 



